Introduction
Unraveling the molecular genetic basis for ovarian cancer is proving to be dicult. These tumors generally arise from the modi®ed peritoneal mesothelium covering the ovarian surface (Bell, 1991) . It is unclear whether benign precursor lesions derived from these cells precede the development of occult malignancy (Cheng et al., 1996; Salazar et al., 1996) and in most cases the disease is discovered in advanced stage (Ozols et al., 1992) . Molecular analysis of these late stage cancers reveal they contain abundant genetic alterations Tenaka et al., 1989) . In fact, allotyping studies show some frequency of loss of heterozygosity on most chromosomes (Cliby et al., 1993; Osborne and Leech, 1994; Sato et al., 1991; Yang-Feng et al., 1993) . This has complicated selection of chromosomal areas from which to initiate deletion mapping and positional cloning eects to identify ovarian cancer genes.
As an alternative to positional cloning to identify ovarian cancer genes, we have developed a tissue culture model of the disease using growth stress to induce malignant transformation of rat ovarian surface epithelial cells. This has allowed the frequency of gene expression dierences between normal cells and independent malignant transformants to be examined in cells that initially had the identical genetic constitution (Godwin et al., 1992; Testa et al., 1994) . Using a method referred to as dierential display (Johnson et al., 1996; Liang et al., 1993; Liang and Pardee, 1992) , we identi®ed a transcript which was expressed in normal ovarian surface epithelial cells but not the related transformed cells. Using this starting point, we cloned Lot-1 (Lost on transformation-1, GenBank accession no. U72620). The product of this previously unidenti®ed gene is a protein containing seven zinc ®nger motifs of the C 2 H 2 class (Abdollahi et al., 1997; Hamilton et al., 1996) . Multispecies Southern blot analysis revealed that closely related genes likely exist in most species. We hoped to gain some insight as to the relevance of this gene to human disease by mapping its chromosomal location in the rat and inferring its location in human chromosomes based on proximity to known genes in the rat and synteny between these regions in the rat and human. Unfortunately, Lot-1 mapped to the short arm of chromosome one and to our knowledge is the only gene mapped to this chromosomal arm of the rat. Here, we describe cloning the human cognate of Lot-1. We show that LOT-1 (GenBank accession no. U72621) maps to human chromosome 6 at band q25. This general chromosomal region has been implicated in the genesis of ovarian, breast, kidney, and pleural mesothelial cancers (Fujii et al., 1996; Taguchi et al., 1993; Theile et al., 1996; Thrash-Bingham et al., 1995) . To expand these data, we report allelic loss at this chromosomal location in a series of 47 ovarian cancer specimens. Furthermore, we show the gene is ubiquitously expressed in normal human tissues, but that its expression is frequently decreased or lost in human ovarian cancer cell lines and an in vitro transformation model of human ovarian cancer.
Results
Identi®cation and characterization of the human homologue of rat Lot-1
Cloning the human homologue of Lot-1 was aided by comparison of rLot-1 to sequences in various nucleotide and protein databases. One match showed an 89.9% identity with 290 bp of sequence derived from an anonymous cDNA sequence (F08789; clone c2ah04) from a normal infant brain library submitted by the IMAGE (Integrated Molecular Analysis of the Human Genome and its Expression) Consortium Expressed Sequence Tag (EST) project. Sequencing this EST in combination with clone walking within a human fetal brain library produced a composite cDNA of a closely related human gene. The human cDNA contained an open reading frame of 1392 nucleotides bounded 5' by an initiation codon (ATG) and 3' by TAA (data not shown). It is noteworthy that the ®rst methionine codons of both the rat and human cDNAs are preceded by an in frame TGA stop codon and a nearly identical stretch of 12 bp (rat=TGAGAA-GCAGAGGCCATGGC versus human=TGAGA-AGCAAAGCCCATGGC). Additionally, the concluding 33 bases of both open reading frames provides for 11 identical deduced amino acids (Figure 1) . Overall, human LOT-1 encodes a 464 amino acid protein with a molecular weight of 51 kDa. Comparison of the rLot-1 and hLOT-1 nucleotide and predicted amino acid sequences revealed a high degree of conservation: 76.4% percent similarity at the nucleotide level and 67.7% identity at the amino acid level (Figure 1 ). In Figure 2a , the seven zinc ®ngers of hLOT-1 are compared to each other. The amino acid sequence in this region shows 85.5% identity with the rat. The deduced amino acid sequence for the seventh zinc ®nger in hLOT-1 and rLOT-1 as well as the linker between ®nger six and seven are compared to one of the zinc ®nger motifs with adjoining amino terminal linkers contained in several known proteins in Figure  2b . Additional features of note are proline and glutamine rich regions in the carboxyl terminal portions of both the human (residues 220 ± 444) and rat (residues 220 ± 458) proteins. The deduced rat protein also contains clustered glutamic acids within residues 490 ± 540. Comparison of the nucleotide and deduced sequence data on hLOT-1 and rLot-1 to information in data bases did not reveal the existence of previously identi®ed homologous genes. However, numerous ESTs related to LOT-1 were present in thè GenBank'.
Expression of LOT-1 in normal and malignant human tissues
Examination of LOT-1 expression by Northern blotting using poly(A) + RNA of normal human tissues revealed that the gene is ubiquitously expressed (Figure 3 ). Two prominent, transcripts, *3.9 kb and 2.8 kb in size, were seen in all tissues examined, i.e. spleen, thymus, prostate, testis, ovary, intestine, colon, leukocytes. In addition, large transcripts were most obvious in ovarian poly(A) + RNA and to a lesser extent in the other tissues. These may be due to incompletely processed pre-mRNA.
LOT-1 expression was not detected in four of 11 (36%) human ovarian cancer cell lines ( Figure 4a ). It is also noteworthy that when expression was evident it varied substantially between individual cell lines. When present, both the 3.9 kb ( Figure 4a ) and less abundant Figure 1 Amino acid sequence alignment of the predicted rat and human LOT-1 proteins. The ®gure shows the seven zinc ®nger domains (underlined and designated as ZF 1 to 7) that are shared in the N-terminal region of both human (hLOT1) and rat (rLOT1) proteins. The sequence comparison also reveals shared regions rich in proline and glutamine residues downstream of the ZF region and in the case of rLOT1 a glutamic acid-rich segment near the C-terminus. A high leucine content is also characteristic of both proteins (12% in the human and 9% in the rat). The single-letter abbreviations for the amino acid residues are as follows: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I, Ile; K, Lys; L, Leu; M, Met; N, Asn, P, Pro; Q, Gln; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr 2.8 kb (data not shown) transcripts were seen. RNA from immortalized but non-tumorigenic human ovarian surface epithelial cells also contained 3.9 kb and 2.8 kb transcripts. Both transcripts were absent in one immortalized human ovarian surface epithelial cell line which was induced to undergo malignant transformation by growth stress (Figure 4b ).
Chromosomal localization of hLOT-1 and allelic loss in ovarian cancer
We next mapped the chromosomal location of hLOT-1 by FISH. We examined 28 mitoses and found that 66.3% (59 of 89) of the signals detected were located on chromosome 6, band q25 ( Figure 5 ). To determine the frequency of allelic loss in this chromosomal region in ovarian cancer, we evaluated 47 ovarian tumor/ normal tissue pairs for evidence of loss of heterozygosity (LOH) using ®ve highly polymorphic tandem repeat markers spanning a *22 cM region between bands 6q23 and 6q27. Overall, LOH was detected in 38% (18 of 47) of the tumors evaluated. The highest frequencies of allelic loss were observed for markers D6S1007 at q25-qter (33%) and D6S250 at q23 (32.5%) ( The probe was as is described in Figure 3 adenocarcinoma (UPN 300) which shows loss for D6S415 and D6S1007 but retention of the¯anking markers (i.e. D6S441 and D6S1008). Based on its mapped location ( Figure 5 ) LOT-1 would be expected to reside within or very near to the latter region of recurrent deletions.
Discussion
The work presented here outlines the discovery and initial characterization of a previously unknown human gene which we refer to as LOT-1. This designation is based on its relationship to a recently described rat gene . Several facets of this endeavor and related work leading to the discovery of rat Lot-1 strongly infer the relevance of this gene's product in the development and/or clinical features of ovarian cancer and perhaps other solid tumors. Perhaps the most interesting aspect of the combined data relates to the utilization of rat ovarian surface epithelial cells and growth stress to induce their malignant transformation as the starting point of the work. Thus, the cell type from which most ovarian cancers arise (Bell, 1991) was induced to undergo malignant transformation by a process, i.e. the repeated requirement for growth as occurs with each ovulation, which much epidemiological evidence suggests is speci®cally relevant to ovarian cancer initiation (Fathalla, 1971; Fraceschi et al., 1991; Hamilton, 1992; Negri et al., 1991; Whittemore et al., 1992) .
Several additional data support the probable role of LOT-1 in ovarian carcinogenesis and/or some other human disease(s). The fact that the human LOT-1 gene is expressed in all tissues examined and that there are numerous related ESTs derived from diverse cDNA libraries favors its fundamental role in homeostasis. It is the aberrant function of such homeostatic genes that have often been found to contribute to disease (Leach et al., 1993; Ohta et al., 1996; Schultz et al., 1996) . It is noteworthy that even in the diverse genetic backgrounds which give rise to human ovarian cancer, which itself must arise through multiple pathways, we often see decreased or lost expression of LOT-1. Moreover, it is noteworthy that LOT-1 maps to chromosome 6q25. Several loss of heterozygosity studies have implicated the long arm of chromosome six as the probable site of one or more tumor suppressor genes involved in ovarian cancer (Orphanos et al., 1995; Saito et al., 1996; Shelling et al., 1995; Tibiletti et al., 1996; Wan et al., 1994; Zheng et al., 1991) , but most interesting is a recent preliminary report re®ning a region of deletion to 4 cM at 6q25 (Mok et al., 1996) . As described above, we have con®rmed this pattern of loss of heterozygosity in our panel of 47 ovarian cancer specimens, observing allelic losses from this region in 38% of cases, a frequency consistent with that observed by Mok and colleagues (Mok et al., 1996) . Interestingly, genes that serve as templates for zinc ®nger proteins often are located in telomeric portions of chromosomes (Lichter et al., 1992) as is the case with LOT-1. The occurrence of somatic loss of genetic material as manifest by loss of heterozygosity is typical of the mechanism of inactivation of one allele of a tumor suppressor gene. Therefore, loss of heterozygosity at chromosome 6q25 suggests the existence of a tumor suppressor gene at this location. Of additional note, is the ®nding that microcell mediated transfer of a small chromosomal fragment containing a portion of 6q25 caused loss of the transformed phenotype in CAL51 breast cancer cells (Theile et al., 1996) . As LOT-1 maps to 6q25, we suggest it to be a legitimate candidate for the 6q25 putative tumor suppressor gene. Additional evidence favoring this possibility is the pattern of lost or decreased expression of LOT-1 in ovarian cancers but not their normal progenitor cells. We should point out, however, that the region in question, although small in chromosomal terms, is suciently large that many genes may reside within it. Nonetheless, LOT-1 represents a worthy candidate based on the available data.
Whether ongoing work solidi®es the role of LOT-1 in ovarian or other forms of cancer, its ubiquitous expression and its product's highly probable role as a zinc ®nger motif containing transcription factor makes it of intrinsic interest. Features in addition to the zinc ®nger motifs which are shared by the mRNAs of the rat and human genes are the high proline and glutamine contents of the translated region between the zinc ®nger segment and the carboxyl end of each molecule. Proline-and/or glutamine-rich regions have also been found in several DNA-binding proteins including EGR2/Krox-20 (Chavrier et al., 1988) , KruÈ ppel gene product (Mermod et al., 1989) , the Sp1 transcription factor (Courney and Tjian, 1988; Kadonaga et al., 1987) , and WT1 (Gessler et al., 1990) . Additionally, both transcripts contain AU-rich areas. Such sequences have been shown to markedly Figure 5 Digitized computer generated image of FISH with uorecein-labeled LOT-1 probe to a normal human metaphase spread. Two pale/blue-green signals are seen against the darker blue chromosomes in the telomeric portion of the long arm of each copy of chromosome 6. The inset shows similar localization to copies of chromosome 6 from separate metaphases decrease stability when present in the 3'-untranslated regions of many labile mammalian mRNAs such as those which encode cytokines and proto-oncogenes. (Caput et al., 1986; Peng et al., 1996; Shaw and Kamen, 1986; Vakalopoulon et al., 1991) . Unique features of the rat compared to the human mRNA are a stretch of codons de®ning 42 glutamic acid residues found near the C-terminus and in the untranslated region 19 repeats 60 ± 70 bp each. With regard to this latter dierence, it would be interesting to speculate that this dierence results from alternate splicing between the two genes. This possibility, however, is excluded by failure to detect these sequences in human genomic DNA (Abdollahi et al., 1997) . Hence, we must conclude that these sequences were eliminated from the human genome by some early homoid or prehomoid evolutionary selection.
In summary, we have identi®ed a novel human gene based on its relationship to a recently discovered rat gene. We have shown it to be ubiquitously expressed in normal human tissues. Similar to the rat gene, the transcript is decreased or absent at high frequency in spontaneous and experimental human ovarian cancers. We have mapped the gene to human chromosome 6q25. This reveals a new syntenic region between rat and human. We have con®rmed that this chromosomal location is a frequent site of allelic loss in human ovarian cancer. Additionally, we have analysed the characteristics of the protein inferred by the deduced amino acid sequence and found its features to support its role as a transcription factor. Ongoing work will clarify whether LOT-1 is the tumor suppressor gene which LOH studies suggest resides at chromosome 6q25 and its role as a transcription factor.
Materials and methods

Cells and cell culture
Rat ovarian surface epithelial cells were obtained from the ovaries of adult female Fisher rats by selective trypsinization (Godwin et al., 1992; Testa et al., 1994) . The cells were grown in vitro and induced to undergo malignant transformation as previously described (Godwin et al., 1992 Testa et al., 1994) . Human ovarian cancer cells and ovarian surface epithelial cells were maintained in tissue culture as previously described (Auersperg et al., 1995; Johnson et al., 1994) . The human ovarian surface epithelial cells studied were from ovarian cancer prone individuals and transfected with simian virus 40 (SV40) early genes (Dyck et al., 1996) to increase their life span. In this cell type, this process rarely was associated with true immortalization. Growth stress (Godwin et al., 1992; Testa et al., 1994) of one of the cell cultures, HIO 118, however, did result in immortalization and acquisition of the malignant phenotype, i.e. tumorigenicity in immunodeficient mice.
Construction of cDNA libraries, screening, and analysis of clones
To obtain the human cognate of rLot-1 a normal human fetal brain cDNA library in lZAPII vector (Stratagene) was used. For screening, several probes were generated. Most utilized was the rat DECCDNA-10 clone based on its homology to several Homo Sapiens EST clones identi®ed in the GenBank/EMBL data base using the BLAST server in the NCBI program of the GCG package. One probe was based on the HindIII/NotI fragment within the EST clone identi®ed by the GenBank Accession Number F08789 (Genome System, St. Louis, MO). Sequences obtained on positive clones from lZAPII were aligned with ten additional available EST clones in the GenBank. The proteins and motifs of interest were analysed and identi®ed using SWISSprot, BEAUTY, and MOTIF databases.
PCR Ampli®cation and Generation of Probes
The ampli®cation reactions were carried out in a ®nal volume of 40 ml and contained 100 ng of template, 60 mM of dNTPs, 16PCR buer, 1 mM primer, 5% dimethyl sulfoxide, and 2.5 unit Amplitaq DNA Polymerase (Perkin Elmer). The cycling conditions consisted of 948C for 5 min, 19 cycles of 948C for 5 s, 658 ± 0.58C/cycle for 30 s, and 728C for 1 min, followed by an additional 25 cycles of 948C for 5 s, 558C for 30 s, 728C for 1 min, then extending at 728C for 5 min in a PTC-100 Thermal Cycler (MJ Research, Inc, Watertown, MA). PCR products were cloned, puri®ed, and labeled for use as probes by standard methods.
RNA and DNA analysis
Total RNA (Chomczynski and Mackey, 1995; Chomczynski and Sacchi, 1987) (15 mg/lane) was separated on 1% agarose gels containing 2.2 M formaldehyde. Transfer was to Nylon membranes (Micron Separations, Inc) by capillary action. The membranes were hybridized with a-32 PdATP-labeled (DuPont-NEN, Boston, MA) cDNA probes by random priming. Prehybridization was performed at 428C in buer containing 50% formamide, 46SSC, 46Denhard's, 40 mM NaH 2 PO 4 pH 6.5, 0.83% glycine, 160 mg/ml salmon sperm DNA, and 6.83% SDS adjusted to pH 7.4. The hybridization solution contained 50% formamide, 36SSC, 50 mM NaH 2 PO 4 , 112 mg/ml salmon sperm DNA, 1% SDS, 1.16Denhard's, and 10% dextran sulfate adjusted to pH 7.4. The membranes were washed for 1 h at 658C in 26SSC, 0.56SET (10% SDS, 0.05 M EDTA), 0.1 M Tris-base pH 7.5 (solution A) and for 1 h at 558C in 0.16SSC, 0.56SET, 0.1% sodium pyrophosphate pH 8 (solution B). Visualization was by autoradiography (X-OMAT, Kodak, Rochester, NY). Southern blot hybridization and cDNA library screening was done at 658C in Church buer (0.5 M NaPO 4 , pH 7.1, 2 mM EDTA, 7% SDS, 0.1% sodium pyrophosphate). The blots were washed in buer A at 658C for 1 h and buer B at 60 ± 658C for 1 h. Visualizations was as for Northern blots.
Fluorescence in situ hybridization (FISH)
Metaphase spreads were prepared by standard procedures (Testa et al., 1994) . A cDNA clone (c-2ah04) was labeled with biotin 16-dUTP using a nick translation kit (Oncor). FISH and detection of immuno¯uorescence were performed basically according to the technique of Pinkel et al. (1986) . The chromosome preparations were counter stained with 4',6'-diamidino-2-phenylindole (DAPI) in antifade solution (Oncor). Metaphase spreads were observed using a Zeiss Axiophot microscope and images were captured by a cooled CCD camera connected to a computer work station. Digitized images of DAPI staining and¯uorescein signals were merged as described elsewhere (Altomare et al., 1996; Testa et al., 1992) . By the hybridization and washing conditions utilized, nonspeci®c (background) hybridization typically is very low, i.e. usually less than two signals per metaphase (Bell et al., 1995; Bellacosa et al., 1993; Testa et al., 1992) .
Loss of heterozygosity analysis
Simple tandem repeat polymorphisms (STRPs) were typed in a PCR-based assay containing 15 ± 30 ng genomic DNA, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.001% gelatin, 0.4 mM each primer, dCTP, dGTP, and TTP each at 16 mM, dATP at 2 mM, 0.65 mCi [a-
35 S]dATP (DuPont/New England Nuclear), 5% DMSO, and 0.25 units Amplitaq DNA polymerase (Perkin Elmer/Cetus) in a ®nal volume of 5 ml. Following an initial denaturation step at 948C for 4 min, DNA was ampli®ed through 20 cycles consisting of 5 s denaturing at 948C, 1 min annealing at 688C ± 0.58C/cycle, and 1 min extension at 728C. The samples were then subjected to an additional 25 cycles consisting of 5 s denaturation at 948C, 1 min at 588C, and 1 min extension at 728C and a ®nal extension of 728C for 5 min. PCR products were diluted 1:1 in 90% formamide, 20 mM EDTA, 0.3% bromophenol blue, 0.3% xylene cyanol, denatured at 948C for 5 min and 4 ml loaded onto a 6% denaturing polyacrylamide gel, and electrophoresed at 90 W in 16TBE (16=0.09 M Tris, 0.09 M boric acid, and 0.002 M EDTA). After electrophoresis, gels were dried at 708C under vacuum and exposed to Kodak XAR-5 ®lm for 24 to 28 h. Polymorphisms used to map a minimum region of allelic loss are as follows: D6S250, D6S441, D6S415, D6S1007, and D6S1008.
